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VIBRATION WAVE DRIVING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a vibration wave 
driving apparatus having an output shaft . 
Related Background Art 

Several vibration motors (vibration wave driving 
apparatuses) having output shafts are known. For 
example, as shown in Fig. 4 of the accompanying 
drawings, there is a motor disclosed in Japanese 
Patent Application Laid-Open No, 5-38170. This motor 
is such that piezoelectric elements 142 and 144 are 
disposed between metallic blocks 150 and 152 as hollow 
cylindrical elastic members and the two metallic 
blocks 150 and 152 are coupled together into a 
vibration member 140 by a cylindrical coupling bolt 
154 disposed on the inner peripheral side of these 
metallic blocks 150 and 152. On the other hand, a 
motor housing (outer case) 170 is such that the 
cylindrical portion of the central portion of a motor 
forms a motor supporting portion and a. bearing 172 is 
disposed in the motor supporting portion and supports 
an output shaft 134, and a ring-shaped flange portion 
175 provided on the inner diametral portion of a 
coupling bolt 154 is fixed to the motor supporting 
portion and supports the vibration member 140. 
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Also, a rotor portion 130 as a contact member is 
disposed on one side of the vibration member 140, and 
this rotor portion 130 is of a construction in which a 
spring 133 is disposed between a fixed rotor body 
5 (disc) 132 and a support plate 136 in the direction of 

rotation of the output shaft 134, and the rotor body 
132 is brought into pressure contact with the end 
surface of the metallic block 152 by the spring force 
of a spring 133. 

10 I n t ho --^bev^ B i3^geri^e^-^ex^ mp 1© of t he~~p^^*' a ag^r 

however, the bearing is one and therefore, when a 
force is applied from a side to the op^£>ut shaft, the 
output shaft is inclined with t heTa f or emen t ioned 
bearing as a fulcrum, and the rotor portion deviates 

15 relative to the vibrat£*5n member. As the result, the 
frictional contact /state in a rotor contact surface 
160 wherein the/rotor body 132 contacts with the 
metallic blpf^k 152 becomes non-uniform, and there have 
arisen nroblems such as a reduction in the efficiency 

20 of the motor, the occurrence of noise and the wear of 
the contact surface (a reduction in the life of the 

SUMMARY OF THE INVENTION 

2 5 -One--aispe^t~-e^-^h^ — b&-pi^3V±x3g^^~ 

vibration type driving- -appB'fafus wherein a vibration 
mefflbef-is — supptor-ted— i-n . a -case — thereof by a smppo^^fe-^ 
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- bearings at the opposite end portions^o^^tlie case, and 
f^j the output shaft is extended thro^gi^a through-hole in 

the axial center portions o^he vibration member and 
a rotating member, and^Che through-hole of the 
vibration member is used as a sliding bearing for the 
output shaft/whereby which can stably drive even if 
extran^cms forces act on the output shaft from various 
za c tions^^^ 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a vibration 
type driving apparatus according to a first embodiment 

lii 

■•a of the present invention. 

15 Fig. 2 is a cross-sectional view of a vibration 

type driving apparatus according to a second 
embodiment of the present invention. 

Fig. 3 is a cross-sectional view of a vibration 
type driving apparatus according to a third embodiment 
20 of the present invention. 

Fig. 4 is a cross-sectional view of a vibration 
type driving apparatus according to the prior art. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 [First Embodiment] 

Fig. 1 shows a first embodiment of the present 
invention. 
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In_3^zJ ^r-at:ion wave d£ jL3QJia-~aj3^^ 
-to this embodiment, a circular ring - shape^/^^ 
piezoelectric element 4 as an electromechanical 
energy conversion element an^B vibration member 
supporting member 3 forp^d by a thin plate of a metal 
or the like are sandwiched between bar-like hollow 
metallic member's 5 and 6 as two\ elastic members, and 
these metallic members 5 and 6 are held and fixed by a 
hollow .bolt 1 and a nut 7 made of a metal which are 

Zening members to thereby constitute a vibration 

The vibration member in the present embodiment 
combines two bending vibrations and forms circular or 
elliptical motion on a driving surface, and the 
driving principle thereof is described in Japanese 
Patent Application Laid-Open No. 3-011981, etc. and is 
already well known and therefore need not be 
described. The vibration member may be one which 
combines not only two bending vibrations, but also, 
for example, a torsional vibration and a longitudinal 
vibration. There is a hole in the axial center 
portion of the vibration member, and the vibration 
wave driving apparatus of the present embodiment need 
be a vibration wave driving apparatus of a form in 
which an output shaft 2 extends through this hole. 
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Qf ^ide jxf^fehe--^^^ member ar^d^a^cyiLi^nd^ire-g 

frictional sliding member 8a is fixed "to the outer 
peripheral portion of the rotary member 8 any the fore 
end portion of the frictional sliding member 8a which 
is adjacent to this rotary member is adapted to 
contact with a frictional sliding member 5a on the 
vibration member side which is provided on the outer 
peripheral end portion of the end surface of the 
metallic member 5 constituting/ the vibration member. 
The rotary member 8 is fitted to the outer diametral 
portion of a pressing spring 9 which is a hellevill 
spring having its coaxiality and inclination with 
respect to the output shaft 2 regulated by a caulking 
member 12, and the si /ding member 8a of the rotary 
member 8 and the frictional sliding member 5a on the 
vibration member s/de are adapted to be brought into 
pressure contact /with each other by the spring force 
of the pressure^ spring 9. 

The vibration member in the present embodiment is 
constructed ywith the vibration member supporting 
member 3 sandwiched and fixed simultaneously with the 
piezoelectric element 4. The vibration member 
supporting member is disc-shaped, and the outer 
peripheral portion thereof is joined to the 
confronting surfaces of the case portions 15 and 16 of 
an jexternal case of a two-division construction, 
T-&ar^ — i-edbni^ c arrie (^--^utr-by — elreo t r is-gesistefiG^ 
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voiding-, — adhesion b:^ an-~€bdhresdrsre-— asfesvfey 

*o r- bir a-ZTtn^. 

member 3 is "to support: the vibration member , >out if 
5 the vibration member supporting member is/too thick 
and too great in rigidity, a vibration/generated by 
the vibration member is transmitted to the 
aforementioned case, and vibrajaon energy of high 
efficiency comes to be not generated . Therefore, the 
lO vibration member supporting member 3 has suitable 

flexibility* Because of it, the vibration member has 
its spatial position not firmly determined relative to 
the external/case, and becomes inclined or eccentric. 
As t^e result, the vibration of the vibration 
15 member/ is not efficiently transmitted to the 

fri^ctional sliding member 8a of the rotary member 8 
he — foi"i"OWirrg — pr^ofettems — anri-&©-.~, 

1. Creation of motor noise 

2. Reduction in motor life due to the localized 
20 wear of the frictional sliding member 

3. Reduction in motor efficiency 

In order to prevent these evils, in the present 
embodiment, the through-hole la^pf the hollow bolt 1 
plays the role of a bearing supporting the output: 
25 shaft 2. 

In the present embodiment, a sintered metallic 
oil-containing bearing 11 is caulked to one external 



case portion 15, and on the opposite side, a ball 
bearing 10 is forced into the other external case 16. 
The output shaft 2 is supported by those two bearings 
10 and 11. 

^Fhxrtherr-; — two snap-r^Hng«~-4r7 — a^^—d ispo Ged-~ee-"as-^o 
sandwich the ball bearing 10 therebetween fr^m^the 
opposite sides and therefore, the ou^ptft shaft 2 has 
its spatial position determinejkfelative to the 
aforementioned external^cfase . That is, the position 
of the output slmft 2 is first determined relative to 
the externaKcase, " and the through-hole la acts as a 
bearin^f relative to the output shaft 2 and thus, the 
p^si%dron~-o£ — fee — v^bfor a t i on — nrertrber — rs — de~be x mi rredr 

On the other hand, the rotary member 8 is fitted 
to the outer diametral portion of the pressing spring 
9 having its coaxiality and inclination with respect 
to the output shaft 2 regulated by the caulking member 
12. Consequently, the rotary member 8 has its spatial 
position substantially determined relative to -the 
output shaft 2 . 

J 3 I hurS7 — ti^e— vi4>i^-tXon-4^ 
8 have their positions determined with^^h^output 
shaft 2 as the reference arid-wherefore, the frictional 
sliding member 8j|^^rfthe rotary member side and the 
frictional^sliding member 5a on the vibration member 
side^ecome capable of stably contacting with each 
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In the present embodiment, vibration preventing 
rubber 23 is interposed between the rotary member 8 
and the pressing spring 9, whereby the vibration of 
the rotary member 8 can be prevented from propagating 
5 to the output shaft 2, and the vibration preventing 

rubber 23 also performs the role of joining the rotary 
member 8 and the pressing spring 9 together. 

■Near" the~~1^Hb3^^ — a-^e etary p late — 13 — whrioh^- 
is a part of an encoder for detecting the rotated y 
10 position is fixed to the output shaft 2. The rprtary 
plate 13 is formed with a number of holes ir/ radial 
directions, and the rotation of the rotary plate is 
counted by the interception and passage of light from 
a photointerrupter 14 fixed to th^ inner side of the 
15 case 16 to thereby detect the/position. If the 

photointerrupter 14 is onpr'of a fiber type which can 
obtain thin rays of li^ht, the resolving power will be 
improved and the p0sitioning accuracy will also be 
heightened and ytfherefore, it is more desirable. 
20 In the present embodiment, a sensor of a light 

detecting/ type is used as the photointerrupter, but a 
potentiometer or the like for detecting the rotated 
position by a vibration in an electrical resistance 
^aiu^~TTTay be corrta^bnet^-HnrrThe ca~se~\ 
25 [Second Embodiment] 

Fig. 2 shows a second embodiment of the present 
invention. 
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in this — efRbod±ffien-fe7 — tm±±fce7 
that: in the first embodiment, does not use a hollow 
bolt which is a fastening member. Metallic members 5 
and 6 as two elastic members, a vibration ^/member 
5 supporting member 3 and a piezoelectric/element 4 are 
adhesively secured and coupled together by an adhesive 
agent „ ^ / 

In the present embodiment, fractional sliding 
portions are provided on the oppc/site ends of the 
10 vibration member, and two rotary members 8 are also 
provided* Thereby, usually as compared with a motor 
having a rotary member, the (created torque becomes 
double. Also, a large-diametered hole portion is 
formed in the axis of each rotary member 8 from the 
15 outer end side thereof/ and the inner end portion side 
thereof is made smaM in diameter, and a pressing coil 
spring 9 is disposed in this large-diametered hole 
portion so as nozt to slip off. 

Also, a rotation stop 12 is mounted in the 
20 af oredescrihed large-diametered hole portion on the 

outer end portion side of each rotary member 8, and a 
spline ±d formed in the outer periphery of the 
rotation stop 12 and is fitted to -the rotary member 8. 
The rptation stop 12 is inserted into the inner spline 
25 port/ion of the rotary member 8 while being forced onto 
the output shaft 2 and compressing the pressing spring 
9^- The ro tary^membe^s — 8 — have^the rotation — re^fer^aixied^ 
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¥&£&*?3t^ — b**t— &&&r~£jz&el^ 
slide in the axial direction thereof. Consequently, 
only the rotational forces of the rotary meters 8 can 
be transmitted to the output shaft 2 

Flanged sliding bearings 18 are provided on the 
inner diametral end portions of the inetallic members 5 
and 6 as elastic members. In the/present embodiment, 
as the bearing portions of the /Sliding bearing 18, use 
is made of bearing portions irfade of polyacetal , but 

depending on the temperature at which the motor is 

used, a material having ^good heat resi stance such as 
Nylon, Teflon or PPS yfe preferable in some cases. 

In the present /Embodiment , the sliding bearings 
18 are fixed to the outer sides of the metallic 
members 5 and 6 /as elastic members, and the output 
shaft 2 is rotated relative to the sliding bearings 
18, but the <autput shaft 2 and the sliding bearings 18 
may be fixercl and the sliding bearings 18 and the 
metallic ^members 5 and 6 may be made rotatable 
relativ^ to each other. In this case, the output 
shaft fl may be covered with a heat-contracting tube 
made /of .resin or the output shaft 2 may be coated with 
resin such as Teflon. Further, if oil is contained in 
tt}4 interior of the resin, the output shaft 2 can be 
Rotated more smoothly and this is desirable. 

-TM^~'oOr~'a^es--n^ — the--mTtsi-cier~emtd— 
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the fractional sliding portion of the vibration^mber 
or the rotary member. Also, vibration l^arlfage is 
preferably little if the slidingj^arings lQ^are - 
d isppsed at pos itions wh iqh^are the no > d£s - -o f t he 
vibration of the vibj3r€ipn member. The sliding 
bearings 18 may^fie made of an oil-containing sintered 
metal, bp^may moire desirably be made of resin because 
in the case of such metal, noise is liable to occui/ 
10 ^Tu^_J^o_jt^^^ 

The vibration member and the rotary member are 
assembled together in advance outside the case with 
the rotation sto£s 12 forced onto the output shaft 2, 
and the assembly is inserted into an external case 30 
15 molded by press drawing. 

The vibration member ^supporting member 3 has 
three radially outwardly extending leijs, and as shown 
in Fig. 2, the tip end portion of each leg is bent and 
therefore, the insertion of the vibration member 
20 supporting member into the external case 30 can be 
done smoothly. When the rotation stop 12 strikes 
against a sliding bearing 11 of a sliding bearing 
"type, "the vibration member is rotated relative to the 
external case about the output shaft, and the three 
25 legs of the vibration member supporting member 3 are 
fitted into three holes 30a formed in the external 
case 30 by the utilization of their elastic forces of 
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res -to. tut: ion . 

The number of the legs of the vibration member 
supporting member is not limited to three, but may be 
one* The role of the supporting member is to prevent 
5 the vibration of the vibration member from being 

transmitted to the case, and resist a torsional force 
applied to the vibration member. The displacement of 
the vibration member near the center thereof is minute 
and substantially at a right angle with respect to the 
10 output shaft and therefore, the supporting member is 
designed to be soft in this direction and be rigid in 
the direction of torsion of the vibration member. 
r \^ — A— 14^-^ftembe^ — 31 — i-s — f itted tx5 Wre external cr;ase~ 
£k 30, and at this time, a spacer 19 made of resiryts put 



onto the output shaft 2. By virtue of this ^spacer 19, 
any unreasonable force is not applied to/the vibration 
member supporting member 3, etc. even when an axial 
force is applied to the output sKaft 2* 

Lastly, the vibration member supporting member 3 
20 was soldered to the hole^30a of the external case 30, 
and the external case 30 and the lid member 31 were 
joined together .by an adhesive agent. In these cases, 
the joint may be course foe done by welding or the 
like. Ipr the present embodiment, the rotary members 8 
25 are brought into pressure contact with frictional 

siloing members 5a on the vibration member side by the 
^ilTg^spx"ingg 9~, — btrfc — dTe^Teactlm-^erces- ttr^reof ** 
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o^e-^reoeAved . forced on-fe p> 

tbe--etrt^nTt sHaf1>-2 and — th^a^e-f-oa?^ — thax^a~~i; 



5 While in the above-described first embodiment, 

the reaction force created by the pressing spring 9 
being pressed is received by the ball bearing 10 of 
the ball bearing type through the snap ring 17 lying 
outside the external case, the ball bearing need not 
10 be used in the present second embodiment. 

Also, frictional sliding members 8a on the rotary 
member side have their portions corresponding to 
sliding portions bent. This is means for widening the 
frictionally sliding area, reducing the surface 
15 pressure of a frictionally sliding surface, decreasing 
the wear of a frictional material, and lengthening the 
life of the motor. 
[Third Embodiment] 

Fig. 3 shows a third embodiment of the present 
20 invention. 

T-his^^ir^-^tediroett-t; — 3ri4ce — the second 
) i embodiment, is of a type in which^jpotfary members 8 are 

provided on the opposite^ei>d^portions of a vibration 
member, and a sliding^earing 22 comprised of a 
25 sliding be^^ihg^ similar to the sliding bearing 18 in 
the s,edond embodiment is provided in the hole portion 
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side_jD^—©aoh_r_Qt^ 




^) is made of resin and is forced into the afore^er^ciribed 

bore of each rotary member 8. By vi^e of this 
sliding bearing 22, each rot^f nember 8 has become 
5 rotatable without beina/eccentric relative to the 

output shaft 2. Therefore, the irregularity of the 
rotation of^the motor has become little. 

Al^o, in the present embodiment, sliding bearing 
32 ox a sliding bering type are forced into the 
1 0 /dpposi^e~©fids-^fH±e^ 

A vibration member supporting member 3 is 
interposed and fixed between external case portions 15 
and 21. 

Besides a piezoelectric element 4 and the 
15 vibration member supporting member 3, a flexible 

printed substrate 20 is held and fixed between two 
elastic members 5 and 6, and extends outwardly along 
the inner surfaces of the external case portions 15 
and 21. This flexible printed substrate 20 is used as 
20 wiring for the supply of an electric current to the 
piezoelectric element 4, the supply of an electric 
current produced by a voltage produced in the 
piezoelectric element, and further an electric current 
to a rotated position detecting element like a 
25 potentiometer . 

-ixn^ntion^^ 
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